objectives Intestinal tuberculosis (ITB) remains prevalent and a big health hazard in China. The aim of this study was to retrospectively analyse its clinico-pathological features.
Introduction
Tuberculosis (TB) continues to be a worldwide medical challenge with considerable morbidity and mortality, particularly in developing countries [1] . The gastrointestinal tract is the sixth most common extra-pulmonary site of TB infection [2] . Intestinal tuberculosis (ITB) may be a primary infection, or secondary infection, usually following a primary pulmonary focus [3] . Due to the improvement of hygiene and public health conditions, the incidence of ITB has fallen in China [4] . However, in the past 20 years, within the increasing incidence of HIV infection, the use of immunosuppressive therapy and the emergence of drug-resistant TB strains, the incidence of ITB in both developing and developed countries has steadily increased, especially in TB-epidemic countries such as China [5] [6] [7] .
The clinical manifestations of ITB are non-specific and highly homogeneous to malignancy or other inflammatory bowel disease [8, 9] . For instance, both ITB and Crohn's disease (CD) are presenting as chronic abdominal pain, weight loss, mucosal ulcer and intestinal stenosis. The incidence of CD is being increasingly reported in Asian countries such as China, where ITB is still prevalent [10] . Therefore, early diagnosis of ITB remains difficult and challenging. Early diagnosis is essential, as ITB is completely curable if early and appropriate treatment is initiated. In contrast, if ITB is misdiagnosed, improper *Co-first authors. treatment will result in a high rate of mortality associated with severe complications such as intestinal obstruction, perforation and haemorrhage [11, 12] .
In the present study, we aim to improve the clinical diagnosis of ITB and reduce misdiagnosis, by retrospectively assessing the reliability of clinical, endoscopic and histopathologic features of ITB. We also analysed the clinical outcomes of drug and surgical treatment to emphasise the importance of a high degree of diagnostic suspicion.
Methods

Patient selection
We retrospectively enroled 85 ITB patients who were consecutively hospitalised in two medical treatment centres between July 2013 and September 2016. Patients were followed up for a minimum period of 1 year or till death. The study protocol was approved by the ethics committees of Jinling Hospital and Shanghai Ninth People's Hospital.
Clinical diagnosis was confirmed by clinical, endoscopic, radiological, histological and microbiological evaluation in accordance with the ITB diagnostic criteria of the Chinese Medical Association of Gastrointestinal Disease. Inclusion criteria included one or more of the following: (i) caseating or necrotising granulomas upon histological examination of diseased intestinal wall or mesenteric lymph nodes; (ii) acid-resistant bacteria (AFB) positive in smears or histological sections; (iii) AFB-positive culture in a specimen obtained from the lesion site; (iv) AFB-positive TB polymerase chain reaction (TB-PCR) results obtained from the lesion site; (v) complete resolution of symptoms after standard anti-TB treatment for 6 weeks. Those who did not satisfy any of the criteria above were excluded.
Statistical analysis
Data are presented as mean AE SD, or median (range), or as numbers and percentages, depending upon the data type. Statistical analysis was performed with SPSS (version 16; SPSS, Chicago, IL, USA). A P-value <0.05 was considered statistically significant.
Results
Patient characteristics
We retrospectively included 85 consecutive patients at our centres between July 2013 and September 2016. Their mean age was 37.3 AE 16.0 years (range 9-83 years); and modal age group was 20-29 years, accounting for 32.9% of all patients (Figure 1 ). There were 56 males and 29 females. Three patients with ITB were treated with immunosuppressive agents. 57 (67.1%) patients had coexisting pulmonary TB (Figure 2 ), of whom 22 (25.9%) were active; 41 patients had peritoneal TB; 40 had mesenteric lymph node TB; eight had hepatic TB; four had neck TB; three had renal TB and one had ovarian TB.
Clinical presentation
The clinical characteristics of patients in Table 1 show that nine (10.6%) had a history of treatment for tuberculosis and four had a family history of tuberculosis. Nineteen patients had a history of abdominal surgery, including eight appendectomies and two cholecystectomies. The median length of hospital stay was 28 days but significantly longer in patients with intestinal complications (P = 0.003) and malnutrition (P = 0.042).
There were 75 (88.2%) cases of abdominal pain, of whom 21 presented with acute abdominal pain caused by intestinal perforation. The remaining 54 cases presented with chronic pain limited to the periumbilical and right lower abdomen. Sixty-four patients experienced weight loss, 49 had bloating and 44 had fever between 37.5 and 38.5°C. There were 43 cases of intestinal obstruction, 31 incomplete and 12 complete. Forty three patients were malnourished (BMI < 18). (ESR), and post-treatment ESR was significantly lower than pre-treatment ESR (P < 0.0001). 85.7% patients were T-spot TB positive, 19 (45.2%) strongly positive.
Laboratory results
As revealed in
62.5% patients had elevated CRP. 58.8% patients had low Hb, 36.5% of whom had mild anaemia and 22.4% moderate to severe anaemia. 51.8% patients were occult blood (OB) positive; 43.7% had hypoalbuminemia and post-treatment plasma albumin was significantly higher than pre-treatment plasma albumin (P < 0.0001). Only 34.5% of patients were TB-Ab positive. 10.7% were HBV-positive; there were no HIV-positive patients. 
Radiological findings
Fifty-six ITB patients underwent a gastrointestinal contrast examination, including 28 (50.0%) positive cases. The main features were short emptying time, accelerated bowel movement, mucosal disease, ileocecal filling defect, stenosis and barium blockage. 70 patients underwent an abdominal CT scan, 43 with a positive result. The main features were ileocecal mass, circumferential bowel wall thickening and multiple abdominal lymphadenopathy ( Figure 3 ). All 85 ITB patients had chest plain films examination; 57 were cases of suspicious pulmonary tuberculosis, including 46 bilateral cases, seven cases in the left lung and four cases in the right lung ( Figure 2 ).
Endoscopic features
Forty-nine cases underwent colonoscopy. 21 (42.9%) were ulcerative type, 15 were proliferative type and 13 (26.5%) were ulcer-proliferative type. As shown in Table 3 and Figure 4 , there were 39 cases of mucosal erosion, 35 cases of mucosal hyperemia and edema, 22 cases of patulous ileocecal valve, 17 cases of nodularity, 14 cases of polypoid hyperplasia, 13 cases of annular ulcers, 11 cases of stricture and three cases of kip lesions.
Histopathologic features
Of 49 endoscopic biopsy specimens taken (Table 3 and Figure 4 ), 38 were cases with chronic intestinal mucositis, 34 with caseating granuloma, 29 with ulceration, 27 with lymphocyte aggregation, 20 with granulomatous fusion and 10 with caseating necrosis. Of 36 surgical resection specimens, 29 were cases with chronic intestinal mucositis, 27 with ulceration, 26 with caseating granuloma, 24 with granulomatous fusion and 11 with caseating necrosis. The positive rate of these main features was higher in surgical resection specimens than in endoscopic biopsy specimens.
Microbiological findings
Acid-resistant bacteria was positive in 45 of 57 patients ( Table 3 ). The positive rate of TB-PCR was 50% (16/ 32), much higher than the 14.3% of TB-culture (5/30).
Sites of lesions
The sites of lesions were comprehensively identified by endoscopy, gastrointestinal contrast examination, CT scans and surgery, as shown in Table 4 . There were 37 patients with continuous infected lesions, 33 with segmental infected lesions and 15 with isolated lesions.
Diagnosis of ITB
Only 17 (20.0%) of 85 ITB patients were initially diagnosed as ITB ( Figure 5 
Treatment modalities and outcome of patients
Forty-eight (56.5%) patients were managed non-operatively and responded to ATT, and no intestinal complication developed during ATT. The remaining 37 (43.5%) needed surgical treatment, about one-third of whom underwent emergency surgery. Of these 37 surgical patients ( Standardised ATT of 12-18 months was applied to both surgical and non-surgical patients. ATT was initiated with intensive triple or quadruple therapy (isoniazid, rifampicin, ethambutol, and/or pyrazinamide) for 3 months, followed by consolidation phase (isoniazid and rifampicin) for 9-15 months. In 81 patients, abdominal pain, fever, night sweats, diarrhoea, constipation and other clinical symptoms improved significantly after 3 months of intensive anti-TB treatment. Unfortunately, four patients died because of mistaken and delayed diagnosis followed by intestinal fistulas, severe abdominal infection and MODS within 6 months of self-reported onset of disease. Patients were followed up for at least 12 months, or until death. In the 81 surviving patients, clinical symptoms disappeared and colonoscopy revealed absence of intestinal lesions. No recurrence was found until the end of the follow-up.
Caecal tuberculosis: the importance of a high diagnostic suspicion
The clinical, radiological and endoscopic characteristics of ITB are non-specific, so diagnostic suspicion must be high in order to make an early diagnosis and ATT. The main manifestations of appendicitis, abdominal pain, intumescent and thickening appendix, are very similar to those of caecal tuberculosis. In this study, there were 33 (38.8%) patients with caecal TB of whom only four were primarily diagnosed with ITB and received timely ATT. Six were misdiagnosed as appendicitis; four had an improper appendectomy followed by post-operative intestinal fistulas and two died due to MODS.
Discussion
According to WHO's 2017 Global TB report, the incidence and mortality rates of TB in China were 64/10 5 and 3.7/10 5 , respectively [13] . Extra-pulmonary TB accounted for 15% of the 6.3 million incident cases that were notified globally in 2016. ITB is the sixth most common site of extra-pulmonary involvement [14] and usually occurs in young adults [4] . In this study, 28 (32.9%) patients with ITB were 20-29 years old, and 57 (67.1%) patients were aged 20-49 years old. This result is consistent with those of previous studies [4] . We found a significantly higher prevalence in men than women (ratio 1.93:1), which is higher than the previously reported ratios of 55:54 [3] , 18:16 [15] , 13:9 [16] . The higher incidence in men may be caused by unhealthy lifestyle factors such as migrant labour, poor working environment, higher labour intensity, alcoholism [4] . Most of the patients in the present study had extra-intestinal TB: 67.1% had coexisting pulmonary TB, 48.2% peritoneal TB and 47.1% mesenteric lymph node TB. This incidence of extra-intestinal TB was much higher than in earlier reports [3, 4, 14, 15, [17] [18] [19] and may be related to more surgical patients in our study, given that abdominal surgery may be helpful to discover coexisting lesions in the peritoneum and mesenteric lymph nodes.
The median time from self-reported symptoms onset to definitive diagnosis of ITB was 102 days. Delayed diagnosis led to prolonged hospitalisation, with a median length of 28 days. Delayed diagnosis also caused a high incidence of complications that led to high rate of surgery and high incidence of post-operative complications. Of 37 surgical treatment cases, 10 were intestinal fistula and eight were SSI. In turn, the high incidence of post-operative complications caused a high reoperation rate and high mortality. To avoid this vicious circle, a high diagnostic suspicion and early diagnosis are essential.
The clinical symptoms of ITB were non-specific. The most frequent clinical feature was abdominal pain. Intestinal perforation caused acute abdominal pain in 21 patients, presenting as diffuse abdominal pain. Systemic toxic symptoms of TB including fever, malnutrition, weight loss and night sweats, were often associated with complications such as intestinal obstruction and intestinal perforation. Unfortunately, there were more cases (24.7%) of intestinal perforation in the current study, than in earlier studies (1.2-13%) [4, 8, 14, 20] , probably due to the poor initial diagnosis rate and delayed treatment.
The laboratory results of ITB were also non-specific. The first three common abnormalities were positive PPD (88.2%), elevated ESR (86.7%) and positive TB T-spot (85.7%), indicating that PPD, ESR and T-spot TB have a relatively high diagnostic value. However, the specificity of these three abnormalities cannot be evaluated because of the limitation of retrospective study. Since China adopted the Bacillus Calmette-Gu erin vaccination programme for infants and young children in 1950, the false-positive rate has been high [4] . According to a meta-analysis in the Annals of Internal Medicine, the diagnostic specificity of PPD was 66% in all patients, 98% in non-vaccinated patients and 56% in vaccinated patients. By comparison, the specificity of T-spot TB was up to 92% in all patients [21] . The specificity of ESR was such low that it only had a certain value in evaluating the curative effect. Serum TB antibody positive rate was as low as 34.5%, indicating that it was an insensitive diagnostic index, in line with a previous study [4] .
Multiple abdominal lymphadenopathy has been identified as a useful abdominal CT scan finding for diagnosis and differential diagnosis of ITB. However, it is difficult to ascertain this abnormality in clinical practice, with only 15-25% positive rate [22, 23] . In this study, 19 (27.1%) of 70 patients had abdominal lymphadenopathy according to abdominal CT scan (Figure 3) . Chest plain films examination found a high (67.1%) positive rate of pulmonary TB (Figure 2) , indicating it was useful to differentiate ITB from other diseases like CD.
Colonoscopy can help clinicians to locate and examine the appearance of ITB. In our study, 49 patients underwent colonoscopy. 44.9% were cases of patulous ileocecal valve, 34.7% of nodularity, 25.5% of annular ulcer and 22.4% of stricture. These findings were consistent with previous studies [4, 24] and indicate that patulous ileocecal valve, nodularity, annular ulcer and stricture have diagnostic value for ITB. However, as these conditions are difficult to identify in clinical practice, they should not be used alone for the diagnosis of ITB, but only for auxiliary diagnosis. Histopathologic features, including caseating granulomas and caseating necrosis, have been considered the gold standard for the diagnosis of ITB [25] . In this study, there were 49 cases of endoscopic biopsy specimens and 36 surgical pathology specimens. Caseating granulomas were found in 69.4% of endoscopic biopsy specimens and 72.2% surgical specimens. Caseating necrosis had a much lower positive rate than caseating granuloma, with a positive rate of 20.4% in endoscopic biopsy specimens and and 30.6% in surgical specimens. The difference in sensitivity for these main features may be due to the larger quantities of specimens obtained by surgery.
Microbiological findings, including acid-fast bacilli, TB-PCR and TB-culture, could help confirm diagnosis of ITB. In the present study, at 78.9%, the positive rate of acid-fast bacilli was higher than the previously reported 11.8-50.8% [3, 26] ; in contrast, the 50.0% positive rate for TB-PCR was lower than the 64.1-71.0% [10, 17, 27] previously reported. The 14.3% positive rate for TB culture was in-between earlier rates 6.9-50.9% [20, 28, 29] .
Intestinal tuberculosis may affect any part of the gastrointestinal tract from mouth to anus. In the previous study, the most commonly involved parts were the terminal ileum and ileocecal region [4] . In the present study, the most common locations of lesions were ileocecal valve in 56 patients and terminal ileum in 40 patients, followed by caecum in 33 patients. These findings, which were comprehensively identified by endoscopy, gastrointestinal contrast examination, CT scans and surgery, were consistent with previous studies [4, 15] .
Diagnosis of ITB is often delayed. Clinical presentation and test results are often non-specific. Therefore, early diagnosis is frequently difficult. In our study, only 20% patients were initially diagnosed as ITB. 80.0% were misdiagnosed, including 20.0% as CD and 17.6% misdiagnosed as ileus. Thus clinical complications were common, resulting in a high rate of surgical treatment. Among 43 cases of intestinal obstruction and 21 cases of intestinal perforation, 37 had surgical treatment. What is worse, there were 10 cases of post-operative intestinal fistula. These pre-and post-operative complications were much more frequent than in previous studies [4, 15, 17] . A prospective study [17] documented far fewer pre-operative and post-operative complications, which may be attributed to a high index of suspicion after enrolment.
In the present study, the caecum was the third most involved sites of ITB. However, caecal tuberculosis closely mimics appendicitis, causing abdominal pain, intumescent and thickening appendix. Hence, only four of 33 patients with caecal tuberculosis were primarily diagnosed with ITB; whereas six patients were misdiagnosed as appendicitis, four of whom had improper appendectomy followed by intestinal fistulas. And two patients died because of post-operative MODS.
In resource-poor countries, given that laboratory examinations, endoscopic, radiological, histopathological and microbiological examination are in short supply, diagnosis will continue to be mainly by clinical presentation, so a high index of suspicion is necessary. A high index of suspicion together with early diagnosis has the potential to greatly reduce intestinal complications, surgical rate and mortality rate of ITB [17] .
Of equal importance for clinicians is identifying clinical, radiological and endoscopic features to distinguish ITB from some easily misdiagnosed diseases such as CD. Predictive models for differential diagnosis between ITB and CD had been established in recent studies [25, 30] . The 5-factor predictive model [30] established by Wu and colleagues included two ITB-predicted markers (pulmonary involvement and ratio of tuberculosis-specific antigen to phytohaemagglutinin) and three CD-predicted markers (perianal disease, longitudinal ulcer, and left colon involvement), whereas a 7-factor predictive model [25] included age, diarrhoea, ring-shaped ulcer, longitudinal ulcer, sigmoid involvement, suspicious radiological pulmonary tuberculosis and gender. In the present study, ITB patients had high rate of coexisting pulmonary TB (67.1%), low rate of perianal disease (2.4%), low rate of sigmoid involvement (7.1%), a relatively high rate of annular ulcers (26.5%) and a low rate of longitudinal ulcers (0.0%), indicating that these features could help distinguish ITB from CD in the absence of histopathological or microbiological diagnosis.
Conclusions
Intestinal tuberculosis often occurs in young adults. The clinical manifestations of ITB -mainly abdominal pain, weight loss, abdominal distension, fever, malnutrition, blood in the stool, night sweats -are non-specific and highly homogeneous to malignancy or other inflammatory bowel disease. Therefore, diagnosis of ITB is often misdirected and delayed, resulting in wrong medical or surgical treatment and high mortality. Timely diagnosis and appropriate treatment can prevent serious complications. In clinical practice, the medical history, clinical manifestations, coexisting pulmonary TB, T-spot TB, CT findings, endoscopic features, histopathologic features and microbiological findings should be comprehensively analysed in order to correctly diagnose ITB. If in doubt, a diagnostic ATT should be started.
